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The peculiar tropism of the human immunodeficiency virus (HIV) for T
helper lymphocytes can be explained by a specific interaction between the virus
and the CD4 molecule on these cells (1, 2) . The tropism for T lymphocytes,
however, can hardly account for the early brain infection observed in some AIDS
(acquired immune deficiency syndrome) patients (3, 4) . Since CD4 is also ex-
pressed on virus-susceptible non-T cell lines we wondered whether an additional
expression site of CD4 could be demonstrated in neural tissue (5) . To this end,
CD4 expression in brain was analyzed with several different anti-CD4 mAbs, and
using a CD4-specific cDNA probe in Northern blot analyses . CD4' cells and
CD4-specific mRNA were found in the cerebellum, thalamus, and pons . The
reactive cells could be identified as neurons as well as glial cells .
Material and Methods
Tissues .
	
Specimens of normal brain tissues obtained 4-8 h postmortem were gener-
ously provided by Dr . K . Biese (Institut fur Neuropathologie, Munich) . Tissue samples
were snap frozen in isopentane precooled with liquid nitrogen and stored at -80 ° C .
Monoclonal Antibodies . As anti-CD4 antibodies, the three different mAbs MT 151
(IgG2A) ; MT 321 (IgG1), recognizing the OKT4 epitope ; and MT 310 (IgG1), recogniz-
ing the OKT4 A determinant were used (6, 7) . The antimonocyte antibodies M-M 522
(IgGI), and M-M 42 (IgGI), and anti-T cell mAbs MT 910 (CD2) and MT 811 (CD8)
were described previously (6, 8, 9) . The anti-GFAP antiserum was obtained from Dako-
patts, Copenhagen, Denmark . Control stainings were performed with the mouse myeloma
IgGs MOPC 21 (IgGI) and UPC 10 (IgG2A) from Sigma Chemical Co., St . Louis, MO.
Staining Procedures. Immunoperoxidase staining was carried out on 20-,um cryosec-
tions using appropriate dilutions of the above listed mAbs as described elsewhere (10) .
Controls were performed with the peroxidase-conjugated second antibody alone (P260,
P217; Dakopatts) or with isotype-matched mAbs of the same protein concentration . The
sections were counterstained with either cresyl violet or methylene blue for Nissl substance .
RNA Isolation and Northern Blot Analyses. Total RNA was isolated by the guanidinium
isothiocyanate method (11) . Solid-frozen tissues were homogenized in liquid nitrogen
before RNA isolation . Blotting was carried out according to standard protocols with a 1 .7
kb CD4-specific cDNA probe containing part of the CD4 coding and the 3' untranslated
region of the message (to be published elsewhere) . Control hybridization with T cell
receptor-specific probes was done with cDNA probes for the a, ,B, and 'y chains . The
probes were a kind gift of Dr. Tak Mak, Toronto, Canada .
This study was supported by the Deutsche Krebshilfe, Dr . Mildred Scheel Stiftung, Bonn, and the
Genzentrum der Universitat Munchen .
1230 J . Exp . MED. @ The Rockefeller University Press - 0022-1007/87/04/130/06 $1 .00
Volume 165 April 1987 1230-1235
 o
n
 February 28, 2008 
w
w
w
.jem.org
D
ow
nloaded from
 
FUNKE ET AL.
	
BRIEF DEFINITIVE REPORT 1231
TABLE I
CD4 Expression on Cells ofDifferent Cerebral Subareas
* mAbs MT 151, MT 321, and MT 310 were used in the indirect immunoperoxidase staining
techniqueon 20-tan cryosections. Sections were counterstained with cresyl violet for Nissl substance .
t Northern blot analyses were performed with a 1 .7 kb CD4-specific cDNA probe as described .
Results
To demonstrate expression of CD4 in human brain, two independent methods
were chosen : immunoperoxidase stainings with three different mAbs were per-
formed on serial sections of various brain subareas and, in parallel, Northern
blot analysis was carried out with RNA extracted from these regions, as demon-
strated in Table I. Discrete neurons staining with anti-CD4 antibodies were
found in the cerebellum, thalamus, and pons . Spurious epitope sharing of
unrelated molecules could be ruled out because staining with mAbs MT 151,
MT 321, and MT 310, recognizing different epitopes of CD4, resulted in
virtually identical staining patterns . It is noteworthy that no positive staining was
obtained with other anti-T cell reagents (anti-CD2 or anti-CD8), which were
tested on various sections . CD4-expressing monocytes could be excluded by
control staining with antimonocyte antibodies (M-M 522, M-M 42). According
to morphological criteria and staining patterns with anti-GFAP, and by the Nissl
stain, the positive cells could be identified on serial sections either as glial cells
or as neurons. In the cerebellum of both examined brains, Purkinje cells gave a
variable reaction ranging from few strongly positive cells to numerous faintly
stained cells . A most impressive reaction was found on sections of both thalami
in an area close to the plexus choroideus, where clustering neurons gave a strong
reaction with anti-CD4 antibodies (Fig . 1) . In the pons area, only rare dispersed
neurons stained with the anti-CD4 antibodies . As indicated in Table I, a distinct
reaction of glial cells with anti-CD4 antibodies was seen in the thalamus and
pons . Here, dispersed cells exhibiting the morphology of glial cells and reacting
also with the astrocyte-specific marker GFAP could be identified on serial sections
as CD4+ cells .
Northern blot analyses with a CD4-specific cDNA probe revealed a 3 kb
mRNA in RNA preparations of the above-described subareas and in the hippo-
campus, which was not examined in the immunoperoxidase staining (Fig . 2) .
This RNA, specifically hybridizing with the CD4 cDNA probe, was seen only in
those subareas where anti-CD4-reactive cells had been detected by peroxidase
staining . In one of the two cerebellum specimens, an additional 1 .7 kb CD4-
specific mRNA was found. In contrast to cerebellum, thalamus, pons, and
hippocampus, no hybridization signal was obtained on RNA extracts of basal
Cerebral subarea
Staining with Anti-CD4 anti-
bodies*
Glial cells Neurons
Northern
blot=
Cerebellum - + +
Cortex (temporal) - - -
Cortex (parietal) - - -
White matter (parietal) - - -
Thalamus + + +
Basal ganglia - - -
Corpus amygdaloideum - - -
Hippocampus ND ND +
Pons + + +
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FIGURE 1 . 20-um cryosection originating from an area ofthe thalamus close to the plexus
choroideus stained with the anti-CD4 mAb MT 321 using the indirect immunoperoxidase
technique (counterstained with cresyl violet ; magnification x 25).
ganglia, corpus amygdaloideum, and the parietal and temporal cortex containing
grey and white matter (Table I and Fig . 2) . Confirming the immunohistochemical
findings with the anti-T cell antibodies (anti-CD2 and anti-CD8), the Northern
blot rehybridized with probes specific for the T cell receptor a, ,13, and 'y chains
turned out to be negative in all lanes containing brain RNA.
Discussion
The presented data unequivocally demonstrate that CD4 is expressed on
genuine neural cells because contaminating T cells or monocytes also displaying
CD4 could be excluded by the negative staining results with anti-T cell and
antimonocyte antibodies. Moreover, hybridization with T cell receptor-specific
cDNA probes failed to detect mRNA coding for the various chains indicative of
T cells .
On the whole, a picture of remarkable concordance emerged, in so far as
CD4-expressing cells were found only in those regions where a CD4-specific
mRNA was detected. In view of the discrete distribution of CD4' neurons and
glial cells in the brain, the finding of an additional 1 .7 kb mRNA in one of the
two examined cerebella deserves further comment. The discrepant hybridization
patterns may be due to different localizations of the examined cerebellar speci-
mens, thus also underlining the discontinuous distribution of CD4 in brain .
Because the CD4 mRNA contains a 3' untranslated region representing half of
its total transcribed length, the difference in mRNA length may be due to an
alternative polyadenylation or splicing site in the 3' untranslated region (12) . A
second, smaller mRNA has recently been reported for human brain, and a 2.7
kb L3T4-specific message has been found in mouse brain (13, 14) . The broad
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FIGURE 2. Northern blot analysis of RNA from cerebral subareas . 25,ug of total RNA were
electrophoresed through an 1 .2% agarose gel containing formaldehyde. After transfer to
Hybond-N membrane RNAwas hybridized to the nick-translated CD4-specific cDNA probe,
followed by high-stringency washes down to 0.1 x SSC. Exposure time was 7 d at -80°C with
intensifying screen . Fragment size markers (kb) are at right.
spectrum of neurological symptoms of AIDS patients, ranging from subacute
subcortical dementia, spasticity, and gait disturbance to paraparesis may well be
explained by a differential involvement of those regions where CD4+ cells are
located. Based on the immunohistochemical findings, it cannot be determined
precisely whether the CD4-reactive molecules are located only on the cell surface
or also in the cytoplasm . We propose that these CD4+ cells are a direct target
for HIV .
This virus as a typical member of the lentivirus group, exhibits not only the
special affinity for cells of the central nervous system, but also a peculiar
penetration capacity, length of incubation time, antigen shedding, and a high
mutation rate of envelope glycoproteins (15) . Because the CD4' cells present in
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discrete subareas of the brain are slowly proliferating or nonproliferating cells,
they most likely serve as an ideal reservoir for this retrovirus . Although the
pathway of HIV invading the brain cannot be exactly traced at present, the
intracerebral spreading of the virus mayoccur via syncytium formation involving
CD4 of noninfected cells (16) . Whether this process is initiated by virus-infected
macrophages cannot be decided at present (17) . Furthermore, the intimate
contact of glial cells and neurons might facilitate virus dissemination by this CD4-
dependent cell fusion process.
There may be a connection between the early appearance of the virus in the
cerebrospinal fluid and the location of CD4' neurons in close proximity to the
plexus choroideus (18) . More defined neuroanatomical studies are required to
draw acomplete mapof C134-expressing cells in the brain and peripheral nervous
system . Besides Thy-1 and OX-2, CD4 is anothermember of the immunoglobulin
supergene family shown to be expressed both on lymphocytes and brain tissues
(19-21).
Summary
The expression of the CD4 antigen in normal human brain was investigated
in parallel by immunohistochemical and Northern blot analyses . With anti-CD4
antibodies detecting different epitopes of the molecule, CD4+ neurons were
defined in the cerebellum, thalamus, and pons. CD4' glial cells were identified
in the thalamus and pons . CD4-specific mRNA was detected in all three subareas
and in the hippocampus, while other subareas were negative . The CD4+ cells
were negative with anti-T cell antibodies (anti-CD2 and anti-C138), as well as
with antimonocyte antibodies (M-M 522 and M-M 42).
We thank D. Stavrou and W. Lange for helpful discussion, and we express our gratitude
to K. Biese for his advise and interest during the course of this work, and for generously
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Receivedfor publication 17 November 1986 and in revisedform 12January 1987.
References
1 . Dalgleish, A . G ., P . C . L . Beverley, P. R. Clapham, D. H . Crawford, M. F . Greaves,
and R . A . Weiss . 1984. The CD4 (T4) antigen is an essential component of the
receptor for the AIDS retrovirus . Nature (Lond. ) . 312:763 .
2 . Klatzmann, D., E . Champagne, S . Chamaret, J . Gruest, D . Guetard, T. Hercend, J .
C. Gluckman, and L . Montagnier. 1984 . T-Lymphocyte T4 molecule behaves as,the
receptor for human retrovirus LAV. Nature (Lond.) . 312:767 .
3 . Neidt, G . W., and R . A . Schinella . 1985 . Acquired immunodeficiency syndrome :
Clincopathologic study of 56 autopsies . Arch. Pathol. Lab . Med. 109:727 .
4 . Shaw, G. M., E. M. Harper, B . H . Hahn, F . Wong-Staal, and R . C . Gallo . 1985 .
HTLV-III infection in brains of children and adults with AIDS encephalopathy .
Science (Wash. DC). 227:177 .
5 . Montagnier, L., J . Gruest, S . Clamaret, D. Klatzmann, and J . C . Gluckman . 1984 .
Adaption of LAV to replication in EBV-transformed B lymphoblastoid cell lines .
Science (Wash. DC). 225:63 .
6 . Rieber, P ., J . Lohmeyer, D. J . Schendel, H . G6ttlinger, S . Brodmann, G . Rank, S .
Heydecke, E . Kopp, and G. Riethmuller. 1984 . In Leukocyte Typing. A. Bernard,
 o
n
 February 28, 2008 
w
w
w
.jem.org
D
ow
nloaded from
 
FUNKE ET AL .
	
BRIEF DEFINITIVE REPORT 1235
L . Boumsell, J . Dausset, C . Milstein, and S . F . Schlossman, editors . Springer-Verlag,
New York . pg. 303 .
7 . Sattentau, Q . J ., A . G . Dalgleish, R. A . Weiss, and P . C. L . Beverley . 1986 . Epitopes
of the CD4 antigen and HIV infection . Science (Wash. DC) . 234:1120 .
8 . Rieber, P ., G . Rank, S. Wirth, M. Wilhelm, E . Kopp, and G. Riethmuller . 1986 . In
Leukocyte Typing, II, Vol . I . E . L. Reinherz, B . F . Haynes, L . M . Nodler, and I . D.
Bernstein, editors. Springer-Verlag, New York. pg . 233 .
9 . Wilhelm, M., H. Pechumer, G. Rank, E. Kopp, G. Riethmuller, and E. P . Rieber .
1986 . Direct monoclonal antibody rosetting . J. Immunol. Methods . 89:90 .
10 . Scopsi, L., and L . I . Larsson . 1985 . Increased sensitivity in peroxidase immunocyto-
chemistry . Histochemistry. 84:221 .
11 . Glisin, V., R . Crkvenjakov, and C . Byus . 1974 . Ribonucleic acid isolated by caesium
chloride centrifugation . Biochemistry. 13:492 .
12 . Maddon, P. J ., D . R . Littman, M . Godfrey, D . E . Maddon, L . Chess, and R . Axel .
1985 . The isolation and nucleotide sequence of a cDNA encoding the T cell surface
protein T4. Cell. 42:104 .
13 . Maddon, P . J ., A . G . Dalgleish,J . S . McDougal, P . R . Clapham, R . A . Weiss, and R .
Axel . 1986 . The T4 gene encodes the AIDS virus receptor and is expressed in the
immune system and the brain . Cell 47:333 .
14 . Tourvielle, B., S . D . Gorman, E . H . Field, T. Hunkapiller, and J . R . Parries . 1986 .
Isolation and sequence of L3T4 complementary DNA clones : Expression in T cells
and brain . Science 234:610 .
15 . Haase, A . T. 1986 . Pathogenesis of lentivirus infections . Nature (Loud.) 322:130 .
16 . Koenig, S., H . E . Gendelman, J. M . Orenstein, M. C . Canto, M. A. Martin, and A. S .
Fauci . 1986 . Detection of AIDS virus in macrophages in brain tissue from AIDS
patients with encephalopathy. Science 233:1089 .
17 . Lifson, J . D ., M. B . Feinberg, G . R . Reyes, L . Rabin, B . Banapour, S . Chakrabarti,
B. Moss, F . Wong-Staal, K . S. Steimer, and E. G . Egleman . 1986 . Induction of CD4
dependent cell fusion by the HTLV-III/LAV envelope glycoprotein. Nature 323:725 .
18 . Ho, D . D ., T . R . Rota, C . A . Andrews, and M. S . Hirsch . 1985 . Isolation of HTLV-
III from cerebrospinal fluid and neural tissues ofpatients with neurological syndromes
related to the acquired immunodeficiency syndrome . N. Engl. J. Med. 313:1493 .
19 . Barclay, A . N ., and H. Hyden . 1978 . Localization of the Thy-1 antigen in rat brain
and spinal chord by immunofluorescence.J. Neurochem . 31 :1375 .
20 . Williams, A . F ., and J . Gagnon . 1982 . Neuronal cell Thy-1 glycoprotein: homology
with Immunoglobulin . Science (Lond . ) . 216:696 .
21 . Webb, M., and A. N . Barclay . 1984 . Localization of the MRC OX-2 glycoprotein on
the surface of neurons . J. Neurochem . 43:1061 .
 o
n
 February 28, 2008 
w
w
w
.jem.org
D
ow
nloaded from
 
